Trench-arc systems (subduction zones) can be classified into two types depending on whether or not actively opening back-arc basins are associated with them. This suggests that subduction of an oceanic plate is not a sufficient condition for back-arc opening, though it may be necessary one. Mechanisms that cause the distinction between the two types have been investigated. Earthquake studies suggest that there is a significant difference in the mode of plate motion at interplate boundaries between the two types of 
depth (about 100 m) and presumably a continental crust. Conversely, the Middle American arc, though included in the continental arcs, might be better grouped with the back-arc spreading type because of the extensional volcanic grabens found in Middle America [Plafker, 1976] . A similar argument may hold for the Proto-North American arc, which is sup- arc basins. Active and inactive refer to whether the opening of the basin is presently in progress or not. A back-arc basin which has rift topography and/or fault structure suggestive of tensional tectonics is considered to be actively opening if it shows one or more of the following characteristics: (1) thin sediment cover of very young age over rugged volcanic basement relief, (2) shallow water depth comparable to that of active midoceanic ridges, (3) high heat flow or highly variable heat flow [Watanabe et al., 1977] , or (4) magnetic lineations with zero age. The actual classification in Table 1 Typical examples of the actively spreading back-arc basins are the M ariana Trough and the Lau Basin. Among those that are supposed to be actively spreading, magnetic lineations of very young age have been documented for the Scotia Sea. On the whole, the magnetic lineations in the back-arc basins are much less well developed than those in oceans Weissel and Watts, 1975 spreading corresponds to the very early stage of oceanic spreading.
The Fiji Plateau, behind the New Hebrides arc, satisfies the above criteria for an active back-arc basin, but there the polarity of the subduction is anomalous; polarity reversal occurred in the late Miocene (10 m.y.B.P.), when the Ontong Java Plateau collided with the now extinct trench [Chase, 1971;  Sleep, 1975] . In this paper, we concentrate on the fact that some subduction boundaries have an active back-arc and others do not and attempt to find a clue to the problem of the origin of back-arc spreading by clarifying the differences in these two types of subduction boundaries. For this purpose, we first investigate whether these two types of back-arcs are indeed under different stress conditions using published source mechanism solutions of shallow earthquakes occurring in the upper plates.
At the earlier stage of plate tectonics, mainly interplate earthquakes were intensively investigated to determine the relative plate motions. More recently, the mechanisms of intraplate earthquakes have been studied to determine the stress states in the plates, which bear directly on the driving mechanism of plate motions [Mendiguren, 1971; Forsyth, 1973 A compilation of the published results of the few available source mechanism solutions is shown in Figure 2 . In the Chilean and Peruvian arcs, the mechanisms of upper plate shallow earthquakes obtained by Stauder [1973 Stauder [ , 1975 log W0 = 1.5Mw + 11.8 Table 2 (from Table 2 
Nature of Volcanism
The compositions of volcanic rocks are different for different tectonic settings [Miyashiro, 1975] . Generally speaking, the representative volcanics are midoceanic ridge type tholeiites at diverging boundaries, alkali basalts and tholeiites in midplate volcanism, and andesites in addition to tholeiites at converging boundaries. The origin of andesite itself is one of the major problems in igneous petrology, but here we attempt to compare the abundance of andesites for different subduction boundaries. The reason for such a comparison is that, for example, in western North America, andesitic volcanism was dominant in early Tertiary, when the west coast of North America was a subduction boundary; the volcanism changed to the basalt-rhyolite type after the collision of the PacificFarallon ridge with the then existing trench [Dickinson, 1970] .
$cholz et al. [1971] suggested that the stress field changed from compressional to tensional in western North America The parental basaltic magmas can ascend and erupt more easily in a tensional stress field than in a compressional environment. In the latter situation, the magma, while forcing its way to the surface, tends to stay longer in the crust and is more prone to react with the surrounding rocks to produce andesitic rocks.
According to the synthesis of Miyashiro [1975] , andesites are abundant in continental arcs and mature island arcs (island arcs with substantial continental crust, e.g., Japan), and rare in immature island arcs (island arcs without continental crust, e.g., the Marianas). Here we note that these correspond with our Chilean type and M ariana type arcs. This seems to suggest that the mode of development of arcs may also be controlled by the mode of subduction. In the Mariana type subduction boundaries, back-arc spreading will soon start to break the arc longitudinally [Karig, 1972] , so that the arc becomes thin and pushed away from the continent, the source of terrigeneous sediments, inhibiting the rapid growth of the accretionary prism (discussed later). Sugisaki [1972 Sugisaki [ , 1976 demonstrated that the abundance of andesite is controlled by the convergence rate: andesite is more abundant where the convergence rate is high. However, in his observation, the Tonga and Izu-Mariana arcs constitute notable exceptions where the convergence rate is high and andesite is scarce. Sugisaki's observation seems to be better explained by our interpretation.
Further, according to Nakamura et al. [1977] , the structure of volcanoes is also dependent on the tectonic stress: large stratovolanic edifices grow in the Chilean type environment, whereas small many monogenic volcanoes are found in the tensional environment. The series of monogenic cones in the Middle America arc are examples of the latter. Again, the difference is caused by the general ease of magma eruption under a tensional regime. These observations appear to confirm our notion of the two types of subduction, but certainly more thorough investigation is needed. Karig and Sharman [1975] attribute the difference in the growth of fore-arc sedimentary structures to that of the sediment supply (supply rate times duration). Here we suggest that the difference in the mode of subduction may be an additional factor which gives rise to the difference in the structure of the accretionary prism. In the Chilean type boundaries, the strong mechanical coupling causes an extensive contortion and development of the accretionary prism, whereas in the M ariana type boundaries, because of the relatively weak coupling, subduction takes place without strong resistance from the upper plate, resulting in less contorted, or lack of, accretionary prisms. However, more detailed interpretation must await further investigations on the origin of the sediments that form the accretionary prism. The difference in the supply itself would, to a certain degree, ultimately be caused by the difference in the subduction mode as mentioned earlier, because the M ariana type arcs always tend to be at some distance from the continent.
Sedimentary
As stated above, the outer arcs or frontal arcs are probably the raised sediments. Such a rise would have the same mechanism as that of the coastal uplifts estimated from coastal terraces and the actual coastal uplifts associated with major thrust earthquakes [Yonekura, 1975] . Such uplifts are also expected to be much more evident at the Chilean type subduction boundaries than the M ariana type. Although further investigations are required, preliminary literature surveys indicate that Quaternary coastal uplifts are prominent in Japan, Taiwan, Indonesia, western South America, Alaska, New Guinea, and New Hebrides IOta and Naruse, 1977].
Although terraces are observed in Mariana and Tonga, the rate of uplift appears to be almost an order of magnitude smaller than in the Chilean type coasts [Taylor and Bloom, 1977 [Kanamori, 1971a [Kanamori, , 1977b . As seen in Figure 8 , the process of subduction starts with low-angle thrusting as in the case of the Alaska Trench. Here a wide contact zone between the upper and lower plates provides a strong coupling between the two plates, and great earthquakes occur at the interface. This is the mode that we call in this paper the Chilean type and that we regard as the first stage of subduction (Figure 8a) . As the process goes on, the oceanic plate subducts to a greater depth in the mantle, and the contact interface is heavily fractured by repeating fault movements. This repeated fracturing may result in reduced coupling of the two plates through various processes such as formation of fault gouge, increased pore pressure, and possible partial melting. This may be the state of the Kurile arc (Figure 8b) . If the process continues, the upper and lower plates will be almost completely decoupled so that there will be no more great earthquakes. The elongated tongue of the high-density slab will exert strong tension in the upper part of the slab to cause great normal fault intraplate earthquake (Figure 8c) , like the 1933 Sanriku earthquake [Kanamori, 197lb] . Once alecoupled, the slab may break by this type of intraplate earthquakes and sink in pieces into the mantle. It may also be possible that under such circumstances, the oceanic plate loses its support at the end and starts sinking well before it reaches the trench. Such a collapse of the oceanic plate may lead to the formation of marginal seas (Figures 8d-8f) . It has been suggested that the decoupling of the slab took place at the Ryukyu Trench at some time in the Tertiary and then the basins in the Philippine Sea were formed as the slab foundered and the trench retreated, as in the fashion suggested by Elsasser [1969] and Moberly [1972] .
In such an evolutionary model, some explanation is needed to explain why progressively advanced stages are found successively from Alaska to the Ryukyu arc. One explanation is that as the subduction rate increases progressively from north to southwest along the northwestern Pacific margin, the evolutionary process has proceeded more rapidly along the margin. This explanation, however, may not apply to the South American margin, where a relatively early evolutionary stage is suggested in our model, yet the plate has been subducting for a long time with a high rate. It is possible that as Molnar and Atwater [1978] suggested, the age of the subducted plate is another factor that affects the mode of subduction.
Anchored Slab Model
This model is an alternative to the evolutionary model. The basic idea is very simple and similar to the one proposed by Moberly [1972] At the Chilean type boundaries, the upper plate overrides the trench so that the trench is forced to move with the speed of the upper plate. It can easily be seen, in such cases, the Benioff-Wadati zone would dip at a shallow angle. In our model, opening by back-arc spreading and opening by leaky transform faults are considered as being caused by the same ultimate mechanism, the motions of large plates. Since ordinary ocean floor spreading is also considered to be caused by the divergent motions of plates in a similar way, we may even be able to generalize that all these processes are essentially alike.
Finally, it should be noticed that the present model is quite different from that of Wilson and Burke [1972] , in which the two types of subduction tectonics are assumed to be caused by whether the continental plate or the oceanic plate is advanci'ng at the convergent boundaries. It might be pointed out that the Nazca plate is advancing toward South America as fast as the Pacific plate is advancing toward Asia. [Bostrom, 1971; Moore, 1973] . This point will be the matter of future investigation both observationally and theoretically.
Modified Anchor Model (Lithospheric
In our model, so far, the downgoing slab has been considered fixed to the deep mantle. However, it may be fixed to the asthenosphere. If this were the case, the movement of the trench would be controlled by the flow in the asthenosphere. We are unable to assess the velocity of such asthenospheric flow, but if we simply assume that the flow is the counter flow to balance the westward lithospheric rotation and the thickness of the asthenosphere is comparable to that of the litho- 
